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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to the field of
surgical robotics and, more particularly, to remote surgi-
cal mentoring.

BACKGROUND

[0002] Minimally-invasive surgery (MIS), such as
laparoscopic surgery, involves techniques intended to re-
duce tissue damage during a surgical procedure. For ex-
ample, laparoscopic procedures typically involve creat-
ing a number of small incisions in the patient (e.g., in the
abdomen), and introducing one or more tools and at least
one endoscopic camera through the incisions into the
patient. The surgical procedures are then performed by
using the introduced tools, with the visualization aid pro-
vided by the camera.
[0003] Generally, MIS provides multiple benefits, such
as reduced patient scarring, less patient pain, shorter
patient recovery periods, and lower medical treatment
costs associated with patient recovery. In some embod-
iments, MIS may be performed with surgical robotic sys-
tems that include one or more robotic arms for manipu-
lating surgical instruments based on commands from an
operator. For example, an operator may provide com-
mands for manipulating surgical instruments, while view-
ing an image that is provided by a camera and displayed
on a display to the user.
[0004] Performance of a surgical procedure can re-
quire in-depth knowledge and experience regarding dif-
ferent aspects of the surgery, including setup, workflow,
and more. The use of surgical robotic systems potentially
increases the complexity of the surgery. It can be helpful
for a surgeon or assistant to collaborate pre-operatively,
intra-operatively, and post operatively, with remotely lo-
cated medical professionals. Procedures can be im-
proved upon, and risk can be identified and reduced,
through remote collaboration.
[0005] "Virtual Interactive Presence and Augmented
Reality (VIPAR) for Remote Surgical Assistance" (Shen-
ai Mahesh B et. al, Neurosurgery, Williams & Wilkins,
Baltimore, MD, US, vol.68, no.3, suppl.3, 1 March 2011,
pp.200-207) discusses a system for real-time, virtual in-
teraction between and local and remote surgeon.
[0006] US2019/005848 A1 discusses virtual reality
system providing a virtual robotic surgical environment,
and methods for using the virtual reality system. The vir-
tual reality system may simulate a robotic surgical envi-
ronment in which a user may operate both a robotically-
controlled surgical instrument using a handheld control-
ler and a manual laparoscopic surgical instrument while
adjacent a patient table.

SUMMARY

[0007] Generally, a surgical robotic system has remote
mentoring features that allow for preoperative, intraop-
erative, and post-operative collaboration. Remote men-
toring features can provide an intuitive and robust method
for guiding intraoperative procedures via a remote men-
tor. A remote user (a ’mentor’) wears a virtual reality (VR)
headset to orchestrate an avatar, which is a digital rep-
resentation of the mentor, that is virtually introduced into
the operating room and visible by a local user that is
controlling or wearing an augmented reality (AR) device
such as a computer tablet, mobile smartphone, or head-
set (e.g., augmented reality or mixed reality glasses). AR
refers to superimposing virtual objects (e.g., a digital rep-
resentation of the mentor) over a video feed showing the
physical environment of the AR user, in this case, the
operating room. The virtual objects are typically integrat-
ed into the physical environment of the user, for example,
by being interactive with the physical environment. It
should be understood that, for the purpose of this disclo-
sure, the terms augmented reality and mixed reality are
interchangeable.
[0008] The remote VR user and the local intraoperative
AR user are both bounded in a shared coordinate frame
relative to the Verb robotic system. In other words, they
have a common coordinate system so that they are co-
located in the same virtual space in a realistic manner.
The remote virtual reality user is visible not only through
the avatar, but can also create notes and markings that
are localized within 3D space, provide recommendations
and examples for robotic arm movement/positions, and
recommend surgical table orientation/position. Audio
streams of the remote and local user can be transmitted
back and forth between the remote and local users, to
facilitate verbal communication. Thus, inputs (e.g., the
notes, markings, recommendations, and/or audio) from
the remote user can provide the local user with helpful
insight regarding different aspects of a surgical proce-
dure.
[0009] In turn, the point cloud information of the phys-
ical operating room environment can be captured by
depth cameras and transmitted back to the virtual reality
environment for the remote user to view and manipulate.
By using an augmented reality headset/tablet as a sensor
source and data generator, the remote VR user can con-
struct a 3D mesh of the patient in VR that will instruct and
enable intraoperative guidance.
[0010] According to the invention, the system includes
a plurality of depth cameras (e.g., RGBD scanners or
equivalent technology). At least one of the depth cameras
is integrated with a portable electronic device operated
by a local user in an operating room (OR). Another one
of the depth cameras is arranged in the OR, such as
being mounted on equipment and/or walls. The system
includes a surgical robot, such as robot arms and platform
for supporting a patient during surgery, and controller for
commanding movements of the surgical robot.
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[0011] A virtual representation of the OR is generated
based on a) robot information received from the surgical
robot or controller, and b) sensing of the OR by the plu-
rality of depth cameras. The virtual representation of the
OR and three dimensional point cloud data is transmitted
to a virtual reality headset used to render a virtual reality
environment to a display of the virtual reality headset
worn by a remote user. In this manner, a remote user
can ’see’ what is happening in the OR and provide insight.
[0012] A virtual representation of the remote user is
rendered in augmented reality at the portable electronic
device. The virtual representation can be a graphical ob-
ject superimposed over a ’live’ video feed of the OR. The
virtual representation of the remote user can be gener-
ated based on position of the remote user, such that the
virtual representation of the remote user shares a com-
mon coordinate system that is common to the virtual rep-
resentation of the OR, the surgical robot, and the portable
electronic device of the local user. In other words, if the
remote user moves forward towards the patient in the
virtual representation of the OR (as shown to the remote
user in the virtual reality headset), the avatar of the re-
mote user will simultaneously move forward towards the
patient as shown in the augmented reality displayed to
the local user. Similarly, if the remote user ’points’ at a
section of the patient in the virtual reality environment
that is shown to the remote user, the avatar of the remote
user will point at the corresponding section of the patient
in the augmented reality shown to the local user. This
creates a ’realistic’ interaction between the local and re-
mote user and merges the augmented reality of the local
user with the virtual reality of the remote user.
[0013] Inputs from the remote user such as audio data
(e.g., the remote user’s speech) and virtual annotations
generated by a digital tool (e.g., handheld user input de-
vice held by the remote user) can be indicated through
the virtual representation of the remote user. The virtual
representation can be a simplified rendering of a person
(e.g., a head and hands), a realistic representation, or a
symbolic representation, that communicates the remote
user’s gestures, movements, position, and/or intention
to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 shows an example of a surgical robotic system
in an operating room according to some embodi-
ments.
FIG. 2 shows a surgical robotic system with remote
telementoring features according to some embodi-
ments.
FIG. 3 illustrates a remote user being virtually im-
ported into an operating room in an augmented re-
ality experience, according to some embodiments.
FIG. 4 illustrates an operating room and local user
being virtually imported into a virtual reality experi-

ence of a remote user, according to some embodi-
ments.
FIG. 5 shows a method for remote mentoring with a
surgical robotic system, according to some embod-
iments.

DETAILED DESCRIPTION

[0015] Non-limiting examples of various aspects and
variations of the invention are described herein and illus-
trated in the accompanying drawings.
[0016] Referring to Fig. 1, this is a pictorial view of an
example surgical robotic system 1 in an operating arena.
The system 1 includes a user console 2, a control tower
3, and one or more surgical robotic arms 4 at a surgical
robotic platform 5, e.g., a table, a bed, etc. The arms 4
may be mounted to a table or bed on which the patient
rests as shown in the example of Fig. 1, or they may be
mounted to a cart separate from the table or bed. The
system 1 can incorporate any number of devices, tools,
or accessories used to perform surgery on a patient 6.
For example, the system 1 may include one or more sur-
gical tools 7 used to perform surgery. A surgical tool 7
may be an end effector that is attached to a distal end of
a surgical arm 4, for executing a surgical procedure.
[0017] Each surgical tool 7 may be manipulated man-
ually, robotically, or both, during the surgery. For exam-
ple, the surgical tool 7 may be a tool used to enter, view,
or manipulate an internal anatomy of the patient 6. In one
aspect, the surgical tool 7 is a grasper that can grasp
tissue of the patient. The surgical tool 7 may be config-
ured to be controlled manually by a bedside operator 8,
robotically via actuated movement of the surgical robotic
arm 4 to which it is attached, or both. The robotic arms
4 are shown as being table-mounted but in other config-
urations the arms 4 may be mounted to a cart, the ceiling
or a sidewall, or to another suitable structural support.
[0018] A remote operator 9, such as a surgeon or other
human operator, may use the user console 2 to remotely
manipulate the arms 4 and their attached surgical tools
7, e.g., referred to here as teleoperation. The user con-
sole 2 may be located in the same operating room as the
rest of the system 1 as shown in Fig. 1. In other environ-
ments however, the user console 2 may be located in an
adjacent or nearby room, or it may be at a remote location,
e.g., in a different building, city, or country. The user con-
sole 2 may comprise a seat 10, foot-operated controls
13, one or more handheld user input devices, UID 14,
and at least one user display 15 that is configured to
display, for example, a view of the surgical site inside the
patient 6. In the example user console 2, the remote op-
erator 9 is sitting in the seat 10 and viewing the user
display 15 while manipulating a foot-operated control 13
and a handheld UID 14 in order to remotely control the
arms 4 and the surgical tools 7 that are mounted on the
distal ends of the arms 4.
[0019] In some variations, the bedside operator 8 may
operate the system 1 in an "over the bed" mode in which
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the beside operator 8 (user) is at a side of the patient 6
and is simultaneously manipulating a robotically-driven
tool (an end effector that is attached to the arm 4) with a
handheld UID 14 held in one hand, and a manual lapar-
oscopic tool in another hand. For example, the bedside
operator’s left hand may be manipulating the handheld
UID to control a robotically-driven tool, while the bedside
operator’s right hand may be manipulating a manual
laparoscopic tool. In this particular variation of the system
1, the bedside operator 8 can perform both robotic-as-
sisted minimally invasive surgery and manual laparo-
scopic surgery on the patient 6.
[0020] During an example procedure (surgery), the pa-
tient 6 is prepped and draped in a sterile fashion to
achieve anesthesia. Initial access to the surgical site may
be performed manually while the arms of the robotic sys-
tem 1 are in a stowed configuration or withdrawn config-
uration (to facilitate access to the surgical site.) Once
access is completed, initial positioning or preparation of
the robotic system 1 including its arms 4 may be per-
formed. Next, the surgery proceeds with the remote op-
erator 9 at the user console 2 utilizing the foot-operated
controls 13 and the UIDs 14 to manipulate the various
end effectors and perhaps an imaging system, to perform
the surgery. Manual assistance may also be provided at
the procedure bed or table, by sterile-gowned bedside
personnel, e.g., the bedside operator 8 who may perform
tasks such as retracting tissues, performing manual re-
positioning, and tool exchange upon one or more of the
robotic arms 4. Non-sterile personnel may also be
present to assist the remote operator 9 at the user con-
sole 2. When the procedure or surgery is completed, the
system 1 and the user console 2 may be configured or
set in a state to facilitate post-operative procedures such
as cleaning or sterilization and healthcare record entry
or printout via the user console 2.
[0021] In one embodiment, the remote operator 9 holds
and moves the UID 14 to provide an input command to
move a robot arm actuator 17 in the robotic system 1.
The UID 14 may be communicatively coupled to the rest
of the robotic system 1, e.g., via a console computer sys-
tem 16. The UID 14 can generate spatial state signals
corresponding to movement of the UID 14, e.g. position
and orientation of the handheld housing of the UID, and
the spatial state signals may be input signals to control
a motion of the robot arm actuator 17. The robotic system
1 may use control signals derived from the spatial state
signals, to control proportional motion of the actuator 17.
In one embodiment, a console processor of the console
computer system 16 receives the spatial state signals
and generates the corresponding control signals. Based
on these control signals, which control how the actuator
17 is energized to move a segment or link of the arm 4,
the movement of a corresponding surgical tool that is
attached to the arm may mimic the movement of the UID
14. Similarly, interaction between the remote operator 9
and the UID 14 can generate for example a grip control
signal that causes a jaw of a grasper of the surgical tool

7 to close and grip the tissue of patient 6.
[0022] The surgical robotic system 1 may include sev-
eral UIDs 14, where respective control signals are gen-
erated for each UID that control the actuators and the
surgical tool (end effector) of a respective arm 4. For
example, the remote operator 9 may move a first UID 14
to control the motion of an actuator 17 that is in a left
robotic arm, where the actuator responds by moving link-
ages, gears, etc., in that arm 4. Similarly, movement of
a second UID 14 by the remote operator 9 controls the
motion of another actuator 17, which in turn moves other
linkages, gears, etc., of the robotic system 1. The robotic
system 1 may include a right arm 4 that is secured to the
bed or table to the right side of the patient, and a left arm
4 that is at the left side of the patient. An actuator 17 may
include one or more motors that are controlled so that
they drive the rotation of a joint of the arm 4, to for example
change, relative to the patient, an orientation of an en-
doscope or a grasper of the surgical tool 7 that is attached
to that arm. Motion of several actuators 17 in the same
arm 4 can be controlled by the spatial state signals gen-
erated from a particular UID 14. The UIDs 14 can also
control motion of respective surgical tool graspers. For
example, each UID 14 can generate a respective grip
signal to control motion of an actuator, e.g., a linear ac-
tuator, which opens or closes jaws of the grasper at a
distal end of surgical tool 7 to grip tissue within patient 6.
[0023] In some aspects, the communication between
the platform 5 and the user console 2 may be through a
control tower 3, which may translate user commands that
are received from the user console 2 (and more particu-
larly from the console computer system 16) into robotic
control commands that transmitted to the arms 4 on the
robotic platform 5. The control tower 3 may also transmit
status and feedback from the platform 5 back to the user
console 2. The communication connections between the
robotic platform 5, the user console 2, and the control
tower 3 may be via wired and/or wireless links, using any
suitable ones of a variety of data communication proto-
cols. Any wired connections may be optionally built into
the floor and/or walls or ceiling of the operating room.
The robotic system 1 may provide video output to one or
more displays, including displays within the operating
room as well as remote displays that are accessible via
the Internet or other networks. The video output (video
feed) may also be encrypted to ensure privacy and all or
portions of the video output may be saved to a server or
electronic healthcare record system.
[0024] Fig. 2 shows the surgical robotic system 1 hav-
ing remote features that allow surgeons to collaborate
pre-operatively, intra-operatively, and post-operatively.
The development of a real-time virtual reality and aug-
mented reality collaboration platform enables an interac-
tion paradigm in which a remote surgical professional
can conveniently observe and advise surgeries from dis-
parate locations.
[0025] A processor 24 can generate a virtual represen-
tation of an operating room based on a) robot information,
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and b) sensing of the operating room by one or more
depth cameras (e.g., cameras 21, 23). The depth cam-
eras include at least one depth camera 23 integrated with
a portable electronic device 22 operated by a local user
in the operating room, and at least one stationary depth
camera 21 arranged in the operating room at a fixed lo-
cation (e.g., on walls and/or on equipment). The depth
cameras can be RGBD sensors, or other equivalent tech-
nology that senses color and depth.
[0026] The robot information is generated by compo-
nents of the surgical robotic system shown in Fig. 1. For
example, the surgical robotic platform can provide telem-
etry generated by servos or sensors that indicates posi-
tion and orientation (e.g., platform height and angle) at
which the platform is currently held at. Similarly, sensors
or controllers of the surgical robot arms and surgical tool
can provide telemetry that describes the position (e.g.,
joint angles) of the surgical robotic arms, tool types that
are currently attached to the robotic arms, tool grasp sta-
tus (e.g., 90% closed), and active tool energy. This data
can be collected at the control tower or user console.
Further, system information such as system state (on,
off, idle) or error code can be collected and shared with
a remote user.
[0027] The processor can use the robot information to
generate a virtual representation of the respective robotic
components in the positions indicated by the robot infor-
mation based on, for example, the robotic joint angles
and the platform height and angle. This can obviate the
need to extrapolate precise positioning of the platform,
robotic arms and tools from image data sensed by the
depth cameras, while also improving accuracy of the vir-
tual representation of these components, which is includ-
ed in the virtual representation of the operating room.
[0028] In some embodiments, the portable electronic
device 22 can be a tablet computer or mobile smartphone
28. Augmented reality (e.g., the representation of remote
user and/or other virtual objects) is rendered on the dis-
play of the device, superimposed over a stream of images
captured by the device. Alternatively, the portable elec-
tronic device can be a head worn device such as aug-
mented reality or mixed reality glasses 39, having a trans-
parent display worn in front of eyes, onto which the aug-
mented reality is rendered over. This is done in ’real-time’
or ’live’, meaning that the processing and display of the
augmented reality is performed contemporaneous with
the capturing of the stream of images, notwithstanding
unavoidable delays such as buffering, processing, and
communication latency.
[0029] A virtual representation of the operating room
and three dimensional point cloud data is transmitted to
a virtual reality headset 26 (operated by a remote user)
used to render a virtual reality environment to a display
of the virtual reality headset. The virtual reality environ-
ment here is fully immersive, meaning that the content
shown to the remote user is not integrated with the remote
user’s environment, rather the remote user is virtually
transported to the operating room.

[0030] The virtual representation of the operating room
can include a three-dimensional rendering of the operat-
ing room and components in the operating room. In some
cases, the virtualized operating room can include meta-
data such as equipment type, location and orientation,
so that the virtual reality headset can render those objects
into the virtual reality environment, thus reducing the
amount of data that must be transmitted to the virtual
reality headset, for example, if raw 3D point cloud data
for all objects of the environment was to be transmitted.
The virtual representation of the operating room can in-
clude mesh representations of objects, walls, ceiling, per-
sonnel (e.g., surgeons, assistants, etc.) that are sensed
in the OR environment. The virtual representation of the
operating room can be constructed based on 3D point
cloud data that is captured by the plurality of depth cam-
eras.
[0031] The virtual representation can be generated by
processor 24. The processor can be integral to a stan-
dalone computer, integrated with the controller, a laptop,
the portable electronic device that is operated by the local
user, or other computing systems of the surgical robotic
system.
[0032] It is recognized, however, that for some areas,
it is beneficial to transmit raw 3D point cloud data to the
remote user, to provide greater detail and resolution, and
to allow the remote user greater ability to interact with
the sensed environment of the operating room. This 3D
point cloud data can be generated by the depth camera
of the portable electronic device 22, or by one or more
depth cameras mounted in the OR on equipment or walls,
directed at an area of interest. For example, the local
user can aim the depth camera 23 of the portable elec-
tronic device at areas of interest on a patient (e.g., at a
patient abdomen). This raw 3D point cloud data can be
transmitted to the remote VR headset to allow the remote
user to analyze and manipulate this raw image data.
[0033] For example, remote surgeons can perform
segmentation of organs on a patient as another surgeon
is performing a surgery so that intraoperative personnel
can receive real-time visual guidance on physiological
landmarks. Segmentation refers to the process of divid-
ing an image into regions with similar properties such as
gray level, color, texture, brightness, and contrast. Thus,
the remote user can subdivide objects in the image to
help identify regions of interest (e.g., parts of organs,
tumors, lesions, other abnormalities). Based on the raw
point cloud data, the remote user can also identify loca-
tions on a patient for ports that serve as entry points for
the surgical robotic instruments. Thus, having a depth
camera that can be directed to areas of interest allows
the local user to send detailed scans of the patient to the
remote user.
[0034] The processor uses the robot information and
the sensor data sensed by the depth cameras to recog-
nize and virtually establish the 3D position and orientation
of the surgical robotic system and its components in the
AR device’s coordinate frame. This can be performed
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through known computer vision algorithms, such as im-
age classification and object localization, and performing
transformations from one coordinate system to another
to determine a common coordinate system.
[0035] Through this process, the depth cameras ar-
ranged across surgical robotic system and the portable
electronic device establish a common coordinate frame
and create a virtual recreation of the robotic arms/table
that matches the real-time position/orientation of the ro-
botic arms/table in the room. After the components of the
surgical robotic system are localized in 3D space (e.g.
the control tower, surgeon bridge, and table and arms),
a remote participant can interact with a virtual reconstruc-
tion of the OR. The virtual representation of the remote
user (e.g., orientation/position of the remote user’s
hands, body, and/or head) is communicated to the aug-
mented reality user in the same relative coordinate frame.
[0036] A simultaneous localization and mapping
(SLAM) algorithm is performed upon data generated by
the at least one depth camera integrated with the portable
electronic device, to localize the position and orientation
of the portable electronic device 3D space and in the
common coordinate system.
[0037] The portable electronic device of the local user
and/or the processor 24 can have a data connection to
the surgical robotic system so that it can retrieve real-
time robot information (e.g., the robot’s arm joint angles,
tool types, tool grasp status, active tool energy, arm
modes, table position and orientation, the case surgeon,
and troubleshooting error codes). This can be used to
generate the virtual OR, and provide notifications to the
local user and remote user.
[0038] In addition to localizing the components (e.g.,
the platform, user console, control tower, robotic arms)
of the surgical robotic system in 3D space, the remote
user is sent a live "window" into the 3D intraoperative
space through a 3D point-cloud stream that is generated
by the one or more depth cameras (e.g., 23 and/or 21).
This point cloud provides a real-time stream of actual
depth and RGB data from the OR, rather than a simplified
stream of component position/orientation data that ad-
justs pre-rendered components of the surgical robotic
system and OR components in the remote user’s virtual
reality environment. This point cloud stream, displayed
in the correct coordinate space relative to the rest of the
virtual reality environment, unlocks additional capabilities
of the remote user.
[0039] For example, the remote user can see the pa-
tient’s body in greater detail through the 3D point cloud
data (or a mesh generated based on the 3D point cloud
data), and create digital waypoints and virtual guides for
where trocars should be placed in a patient (see, for ex-
ample, FIG. 4). Additionally, or alternatively, the remote
user can create digital waypoints and virtual guides for
how the robotic arms should be oriented relative to the
patient’s body. Additionally, or alternatively, the remote
user can give educated advice about where staff should
be standing in the operating room, or where equipment

should be arranged in the operating room. The local user
interacts with the remote user through the portable device
22, as shown in Fig. 3.
[0040] Fig. 3 illustrates the operating room and a virtual
representation of the remote user placed in the operating
room, creating an augmented reality experience for the
local user. A virtual representation of the remote user is
rendered in augmented reality to a display of the portable
electronic device 22 based on position of and input from,
the remote user. The position of the remote user shares
a common coordinate system, i.e. it is common to the
virtual representation of the OR, and the portable elec-
tronic device of the local user.
[0041] The position of the remote user, relative to the
OR, can be determined using one or more points of ref-
erence at the user’s remote location. For example, at the
remote location of the remote user, sensors can be ar-
ranged in the surroundings of the remote user, and/or on
the VR headset. A point of origin can be selected (e.g.,
arbitrarily) in the remote user’s location to match a point
of origin in the space of the operating room. Transforma-
tions can be performed to map movement and location
of the remote user to the virtual representation of the OR.
Thus, location and orientation of the remote user can be
calculated in relation to the coordinate system of the op-
erating room, allowing the remote user to virtually explore
and interact with the operating room.
[0042] As discussed in other sections, the local user
can aim a depth camera, which can be integrated with
the portable device 22, at a location of interest, such as
the patient’s abdomen. Raw point cloud data generated
by the depth camera can be transmitted in real-time to
the remote user. Virtual markings and objects can be
rendered over the display of the portable device, based
on input generated by the remote user, such as: virtual
annotations generated by a digital tool remotely, anatom-
ical segmentation data, indications of trocar placement,
and previous surgical set up.
[0043] For example, a remote user can use a handheld
digital tool 27 as shown in Fig. 2 to circle areas to cut or
remove, to mark where a port of entry for a trocar should
be, or to mark where a suture is needed. These ’marks’
can be virtually represented by virtual objects (e.g., lines,
highlighted areas, or shapes) in the local user’s portable
device.
[0044] As discussed, input from the remote user can
include audio data captured at the VR headset. Audio
from the local user can simultaneously be transmitted to
the VR headset, providing a two-way communication.
Voice over IP (VOIP) or other audio communication tech-
nology can be used.
[0045] Referring back to Fig. 3, the local user can ’see’
and ’hear’ the remote user as the remote user verbally
instructs and marks a location for where a trocar should
be inserted. The virtual presence of the remote user cre-
ates a natural telementoring platform. Spatially contex-
tual 3D markings and notes are communicated from the
remote user to the local user. This can be contempora-
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neous with performance of a surgery. The remote user
can provide visual guidance not only in the endoscope
feed, but also around the robot, for example, how to orient
arms, where to place endoscope and tools, where a 1st
assistant should stand. The virtual representation of the
remote user can include one or more of the following: a)
a virtual representation of the virtual reality headset, b)
virtual hands indicating hand movement or hand location
of the remote user, and c) a virtual avatar resembling
part of or a whole human.
[0046] Figure 4 shows a virtual reality experience of
the remote user. The remote user is transported to the
operating room where the surgical robotic system is lo-
cated. The remote user, wearing the VR headset 26, can
explore the virtual space and provide inputs verbally
and/or using a remote digital tool such as a digital pen
or a handheld UID (e.g., remote digital tool 27 shown in
Fig. 2).
[0047] The virtualized OR data and the point cloud data
is communicated to the VR headset where it is used to
render the virtual representation of the OR, and detailed
areas of points of interest (e.g., the patient) onto a display
of the remote user’s VR headset. In addition, the position
and orientation of the portable electronic device 22 of the
local user can be communicated to the virtual reality
headset. This can be used to render a virtual represen-
tation of the portable electronic device (e.g., floating in
the virtual environment) and/or a virtual representation
of the local user (e.g., an avatar) in the virtual reality en-
vironment. In this manner, the remote user can feel like
she is interacting with the local user in the virtual OR.
[0048] As discussed in other sections, the remote user
can use medical imaging segmentation to highlight, seg-
ment, and visually annotate tissues and organs that are
relevant to the operation as the operation is proceeding.
The remote user can load and overlay their own, previous
surgical setups onto the augmented reality user’s existing
intraoperative setup as a guide for how they can organize
their own OR/robot.
[0049] A method 40 is shown in Fig. 5 that provides
interactive and immersive remote mentoring, according
to some embodiments. The method can be performed
by the surgical robotic system shown in Fig. 1 and Fig.
2. For example, the method can be performed by proc-
essor 24, which can be integral to a standalone computer,
integrated with components of the surgical robotic sys-
tem 1 (shown in Fig. 1 or Fig. 2), or integrated with the
portable electronic device 22 of Fig. 2.
[0050] At operation 41, the method includes generat-
ing a virtual representation of an OR based on a) robot
information, and b) sensing of the OR by one or more
depth cameras. The depth cameras include at least one
depth camera integrated with a portable electronic device
operated by a local user in the OR, and at least one sta-
tionary depth camera arranged in the OR. The robot in-
formation can be used to more accurately generate po-
sitions of the robotic components such as the robot arms,
tools/instruments attached thereto, and the surgical plat-

form.
[0051] At operation 42, the method includes transmit-
ting the virtual representation of the OR and three dimen-
sional point cloud data to a virtual reality headset where
this is used to render a virtual reality environment to a
display of the virtual reality headset, operated by a remote
user. The virtual representation of the OR can include
mesh data describing geometry of the operating room
and objects in the room, and/or position and orientation
data of recognized objects in the operating room. The
remote user is virtually transported into the operating
room, so that the remote user can analyze the setup,
workflow, or provide other helpful insights to perform a
surgery.
[0052] At operation 43, the method includes rendering
a virtual representation of the remote user in augmented
reality to a display of the portable electronic device based
on position of and input from, the remote user. The virtual
representation of the remote user is rendered in a com-
mon coordinate system that is common to the virtual rep-
resentation of the OR, and the portable electronic device
of the local user. The common coordinate system can be
determined based on transformations between image
data captured by a depth camera attached to or integrat-
ed with the portable electronic device, and image data
captured by depth cameras mounted in the operating
room.
[0053] The method can be performed continuously and
in real-time. For example, operation 42 and operation 43
are performed continuously and simultaneously to pro-
vide a cohesive interaction between the local user and
the remote user.
[0054] The foregoing description, for purposes of ex-
planation, used specific nomenclature to provide a thor-
ough understanding of the invention. However, it will be
apparent to one skilled in the art that specific details are
not required in order to practice the invention. Thus, the
foregoing descriptions of specific embodiments of the in-
vention are presented for purposes of illustration and de-
scription. They are not intended to be exhaustive or to
limit the invention to the precise forms disclosed; obvi-
ously, many modifications and variations are possible in
view of the above teachings. The embodiments were
chosen and described in order to best explain the prin-
ciples of the invention and its practical applications, and
they thereby enable others skilled in the art to best utilize
the invention and various embodiments with various
modifications as are suited to the particular use contem-
plated.

Claims

1. A method (40) for remote mentoring with a surgical
robotic system, comprising:

generating (41) a virtual representation of an op-
erating room (OR) based on a) robot informa-
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tion, and b) sensing of the OR by one or more
depth cameras (21, 23), including at least one
depth camera (23) integrated with a portable
electronic device (22) operated by a local user
in the OR, and at least one stationary depth cam-
era (21) arranged in the OR, the one or more
depth cameras (21, 23) configured to generate
three dimensional point cloud data;
transmitting (42) the virtual representation of the
OR and three dimensional point cloud data to a
virtual reality headset (26) used to render a vir-
tual reality environment to a display of the virtual
reality headset (26), operated by a remote user;
and
rendering (43) a virtual representation of the re-
mote user in augmented reality to a display of
the portable electronic (28, 39) device based on
position of and input from, the remote user;
wherein the position of the remote user is deter-
mined using one or more points of reference at
the remote user’s location.

2. The method of claim 1, wherein the portable elec-
tronic device of the local user is a tablet computer
and the augmented reality is rendered on the display
over a stream of images captured by the tablet com-
puter.

3. The method of claim 1, wherein the portable elec-
tronic device of the local user is a head worn device
with a transparent display worn in front of eyes, onto
which the augmented reality is rendered over.

4. The method of claim 1, wherein the one or more
depth cameras include RGBD cameras.

5. The method of claim 1, wherein the virtual represen-
tation of the remote user includes at least one of: a)
a virtual representation of the virtual reality headset,
b) virtual hands indicating hand movement or hand
location of the remote user, or c) a virtual avatar re-
sembling part of or a whole human.

6. A surgical robotic system (1), comprising:

a plurality of depth cameras (22, 23), including
at least one depth camera (23) integrated with
a portable electronic device (22) operated by a
local user in an operating room (OR), and at least
one stationary depth camera (21) arranged in
the OR;
a surgical robot and controller; and
a processor, configured to perform the following:

generating (41) a virtual representation of
the OR based on a) robot information re-
ceived from the surgical robot or controller,
and b) sensing of the OR by the plurality of

depth cameras (21, 23), the plurality of
depth cameras (21, 23) configured to gen-
erate three dimensional point cloud data;
transmitting (42) the virtual representation
of the OR and three dimensional point cloud
data to a virtual reality headset (26), causing
the virtual reality headset (26) to render a
virtual reality environment to a display of the
virtual reality (26) headset worn by a remote
user; and
transmitting (43) , to the portable electronic
device of the local user, position of, and in-
put from, the remote user, used to render a
virtual representation of the remote user in
augmented reality at the portable electronic
device (28, 29);
wherein the position of the remote user is
determined by sensors at a location of the
remote user.

7. The method of claim 1 or the surgical robotic system
of claim 6, wherein the three dimensional point cloud
data includes a body of a patient.

8. The method of claim 1 or the surgical robotic system
of claim 6, wherein the input from the remote user
includes audio data captured at the virtual reality
headset.

9. The method of claim 1 or the surgical robotic system
of claim 6, wherein the input from the remote user
includes at least one of: virtual annotations generat-
ed by a digital tool remotely, anatomical segmenta-
tion data, trocar placement, and previous surgical
set up, to be rendered in the augmented reality at
the portable electronic device.

10. The surgical robotic system of claim 6, wherein the
portable electronic device of the local user is a tablet
computer and the augmented reality is rendered over
a stream of images captured by the tablet computer
and displayed on a screen of the tablet computer.

11. The surgical robotic system of claim 6, wherein the
portable electronic device of the local user is a head
worn display with a transparent display area onto
which the augmented reality is rendered over.

12. The method of claim 1 or the surgical robotic system
of claim 6, wherein the robot information includes at
least one of: joint angles of one or more surgical ro-
botic arms, tool types, tool grasp status, active tool
energy, position and orientation of a surgical table,
and an error code of the surgical robotic system.

13. The method of claim 1 or the surgical robotic system
of claim 6, wherein simultaneous localization and
mapping (SLAM) is performed upon data generated
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by the at least one depth camera integrated with the
portable electronic device, to localize the position
and orientation of the portable electronic device in
the common coordinate system.

14. The method of claim 1 or the surgical robotic system
of claim 6, wherein the position and orientation of
the portable electronic device is communicated to
the virtual reality headset, used to render a virtual
representation of the portable electronic device or a
virtual representation of the local user in the virtual
reality environment of the remote user.

Patentansprüche

1. Verfahren (40) zur Fernbetreuung mit einem chirur-
gischen Robotersystem, umfassend:

Erzeugen (41) einer virtuellen Darstellung eines
Operationssaals (OP-Saal) auf der Grundlage
von a) Roboterinformationen und b) Erfassen
des OP-Saals durch eine oder mehrere Tiefen-
kameras (21, 23), einschließlich mindestens ei-
ner Tiefenkamera (23), die in eine tragbare elek-
tronische Vorrichtung (22) integriert ist, die von
einem lokalen Benutzer im OP-Saal bedient
wird, und mindestens eine stationäre Tiefenka-
mera (21), die im OP-Saal angeordnet ist, wobei
die eine oder mehreren Tiefenkameras (21, 23)
zum Erzeugen dreidimensionaler Punktwolken-
daten konfiguriert sind;
Übertragen (42) der virtuellen Darstellung des
OP-Saals und der dreidimensionalen Punktwol-
kendaten an ein Virtual-Reality-Headset (26),
das zum Rendern einer Virtual-Reality-Umge-
bung auf einer Anzeige des Virtual-Reality-
Headsets (26) verwendet wird und von einem
entfernten Benutzer bedient wird; und
Rendern (43) einer virtuellen Darstellung des
entfernten Benutzers in erweiterter Realität auf
einer Anzeige der tragbaren elektronischen Vor-
richtung (28, 39), basierend auf der Position und
den Eingaben des entfernten Benutzers;
wobei die Position des entfernten Benutzers un-
ter Verwendung eines oder mehrerer Referenz-
punkte am Standort des entfernten Benutzers
bestimmt wird.

2. Verfahren nach Anspruch 1, wobei die tragbare elek-
tronische Vorrichtung des lokalen Benutzers ein Ta-
blet-Computer ist und die erweiterte Realität über
einen vom Tablet-Computer erfassten Bildstrom auf
der Anzeige wiedergegeben wird.

3. Verfahren nach Anspruch 1, wobei die tragbare elek-
tronische Vorrichtung des lokalen Benutzers eine
am Kopf getragene Vorrichtung mit einer transpa-

renten Anzeige ist, die vor den Augen getragen wird
und auf der die erweiterte Realität wiedergegeben
wird.

4. Verfahren nach Anspruch 1, wobei die eine oder
mehreren Tiefenkameras RGBD-Kameras ein-
schließen.

5. Verfahren nach Anspruch 1, wobei die virtuelle Dar-
stellung des entfernten Benutzers mindestens eines
der folgenden Elemente einschließt: a) eine virtuelle
Darstellung des Virtual-Reality-Headsets, b) virtuel-
le Hände, die die Handbewegung oder Handposition
des entfernten Benutzers anzeigen, oder c) einen
virtuellen Avatar, der einem Teil oder einem ganzen
Menschen ähnelt.

6. Chirurgisches Robotersystem (1), umfassend:

eine Vielzahl von Tiefenkameras (22, 23), ein-
schließlich mindestens einer Tiefenkamera
(23), die in eine tragbare elektronische Vorrich-
tung (22) integriert ist, die von einem lokalen Be-
nutzer in einem Operationssaal (OP-Saal) be-
dient wird, und mindestens eine stationäre Tie-
fenkamera (21), die im OP-Saal angeordnet ist;
einen chirurgischen Roboter und eine Steue-
rung; und
einen Prozessor, der für die Ausführung folgen-
der Aufgaben konfiguriert ist:

Erzeugen (41) einer virtuellen Darstellung
des OP-Saals auf der Grundlage von a) Ro-
boterinformationen, die vom chirurgischen
Roboter oder von der Steuerung empfan-
gen werden, und b) Erfassen des OP-Saals
durch die Vielzahl von Tiefenkameras (21,
23), wobei die Vielzahl von Tiefenkameras
(21, 23) zum Erzeugen dreidimensionaler
Punktwolkendaten konfiguriert ist;
Übertragen (42) der virtuellen Darstellung
des OP-Saals und der dreidimensionalen
Punktwolkendaten an ein Virtual-Reality-
Headset (26), wodurch das Virtual-Reality-
Headset (26) eine Virtual-Reality-Umge-
bung auf einer Anzeige des von einem ent-
fernten Benutzer getragenen Virtual-Reali-
ty-Headsets (26) wiedergibt; und
Übertragen (43) der Position und der Ein-
gabe des entfernten Benutzers an die trag-
bare elektronische Vorrichtung des lokalen
Benutzers, um auf der tragbaren elektroni-
schen Vorrichtung (28, 29) eine virtuelle
Darstellung des entfernten Benutzers in er-
weiterter Realität wiederzugeben;
wobei die Position des entfernten Benut-
zers durch Sensoren an einem Standort des
entfernten Benutzers bestimmt wird.
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7. Verfahren nach Anspruch 1 oder chirurgisches Ro-
botersystem nach Anspruch 6, wobei die dreidimen-
sionalen Punktwolkendaten den Körper eines Pati-
enten einschließen.

8. Verfahren nach Anspruch 1 oder chirurgisches Ro-
botersystem nach Anspruch 6, wobei die Eingabe
des entfernten Benutzers Audiodaten einschließt,
die mit dem Virtual-Reality-Headset erfasst wurden.

9. Verfahren nach Anspruch 1 oder chirurgisches Ro-
botersystem nach Anspruch 6, wobei die Eingabe
des entfernten Benutzers mindestens eines der fol-
genden Elemente einschließt: von einem digitalen
Werkzeug aus der Ferne generierte virtuelle Anmer-
kungen, anatomische Segmentierungsdaten, Tro-
karplatzierung und vorherige chirurgische Vorberei-
tungen, die in der erweiterten Realität auf der trag-
baren elektronischen Vorrichtung wiedergegeben
werden sollen.

10. Chirurgisches Robotersystem nach Anspruch 6, wo-
bei die tragbare elektronische Vorrichtung des loka-
len Benutzers ein Tablet-Computer ist und die er-
weiterte Realität über einen Strom von Bildern ge-
rendert wird, die vom Tablet-Computer aufgenom-
men und auf einem Bildschirm des Tablet-Compu-
ters angezeigt werden.

11. Chirurgisches Robotersystem nach Anspruch 6, wo-
bei die tragbare elektronische Vorrichtung des loka-
len Benutzers eine am Kopf getragene Anzeige mit
einem transparenten Anzeigebereich ist, auf den die
erweiterte Realität übertragen wird.

12. Verfahren nach Anspruch 1 oder chirurgisches Ro-
botersystem nach Anspruch 6, wobei die Roboter-
informationen mindestens eines der folgenden Ele-
mente einschließen: Gelenkwinkel eines oder meh-
rerer chirurgischer Roboterarme, Werkzeugtypen,
Werkzeuggriffstatus, aktive Werkzeugenergie, Po-
sition und Ausrichtung eines Operationstischs und
einen Fehlercode des chirurgischen Robotersys-
tems.

13. Verfahren nach Anspruch 1 oder chirurgisches Ro-
botersystem nach Anspruch 6, wobei eine simultane
Lokalisierung und Kartierung (SLAM) anhand von
Daten durchgeführt wird, die von der mindestens ei-
nen Tiefenkamera erzeugt werden, die in die trag-
bare elektronische Vorrichtung integriert ist, um die
Position und Ausrichtung der tragbaren elektroni-
schen Vorrichtung im gemeinsamen Koordinaten-
system zu lokalisieren.

14. Verfahren nach Anspruch 1 oder chirurgisches Ro-
botersystem nach Anspruch 6, wobei die Position
und Ausrichtung der tragbaren elektronischen Vor-

richtung an das Virtual-Reality-Headset übermittelt
werden, das zum Rendern einer virtuellen Darstel-
lung der tragbaren elektronischen Vorrichtung oder
einer virtuellen Darstellung des lokalen Benutzers in
der Virtual-Reality-Umgebung des Remote-Benut-
zers verwendet wird.

Revendications

1. Procédé (40) de tutorat à distance doté d’un système
robotique chirurgical, comprenant :

la génération (41) d’une représentation virtuelle
d’une salle d’opération (OR) basée sur a) des
informations de robot, et b) la détection de l’OR
par une ou plusieurs caméras de profondeur
(21, 23), comportant au moins une caméra de
profondeur (23) intégrée à un dispositif électro-
nique portable (22) actionné par un utilisateur
local dans l’OR, et au moins une caméra de pro-
fondeur fixe (21) disposée dans l’OR, la ou les
caméras de profondeur (21, 23) étant configu-
rées pour générer des données de nuage de
points tridimensionnel ;
la transmission (42) de la représentation virtuel-
le de l’OR et des données de nuage de points
tridimensionnel à un casque de réalité virtuelle
(26) utilisé pour rendre un environnement de
réalité virtuelle sur un afficheur du casque de
réalité virtuelle (26), actionné par un utilisateur
à distance ; et
le rendu (43) d’une représentation virtuelle de
l’utilisateur à distance en réalité augmentée sur
un afficheur du dispositif électronique portable
(28, 39) en fonction d’une position de l’utilisateur
à distance et des entrées de celui-ci ;
dans lequel la position de l’utilisateur à distance
est déterminée à l’aide d’un ou plusieurs points
de référence au niveau de l’emplacement de
l’utilisateur à distance.

2. Procédé selon la revendication 1, dans lequel le dis-
positif électronique portable de l’utilisateur local est
une tablette électronique et la réalité augmentée est
rendue sur l’afficheur sur un flux d’images capturées
par la tablette électronique.

3. Procédé selon la revendication 1, dans lequel le dis-
positif électronique portable de l’utilisateur local est
un dispositif porté sur la tête avec un afficheur trans-
parent porté devant les yeux, sur lequel la réalité
augmentée est rendue.

4. Procédé selon la revendication 1, dans lequel la ou
les caméras de profondeur comportent des caméras
RGBD.
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5. Procédé selon la revendication 1, dans lequel la re-
présentation virtuelle de l’utilisateur à distance com-
porte au moins l’un parmi : a) une représentation vir-
tuelle du casque de réalité virtuelle, b) des mains
virtuelles indiquant le mouvement des mains ou l’em-
placement des mains de l’utilisateur à distance, ou
c) un avatar virtuel ressemblant à une partie ou à un
ensemble d’un être humain.

6. Système robotique chirurgical (1), comprenant :

une pluralité de caméras de profondeur (22, 23),
comportant au moins une caméra de profondeur
(23) intégrée à un dispositif électronique porta-
ble (22) actionné par un utilisateur local dans
une salle d’opération (OR), et au moins une ca-
méra de profondeur fixe (21) disposée dans
l’OR ;
un robot chirurgical et un dispositif de
commande ; et
un processeur, configuré pour effectuer ce qui
suit :

la génération (41) d’une représentation vir-
tuelle de l’OR sur la base a) des informa-
tions de robot reçues à partir du robot chi-
rurgical ou du dispositif de commande, et
b) de la détection de l’OR par la pluralité de
caméras de profondeur (21, 23), la pluralité
de caméras de profondeur (21, 23) étant
configurée pour générer des données de
nuage de points tridimensionnel ;
la transmission (42) de la représentation vir-
tuelle de l’OR et des données de nuage de
points tridimensionnel à un casque de réa-
lité virtuelle (26), amenant le casque de réa-
lité virtuelle (26) à rendre un environnement
de réalité virtuelle sur un afficheur du cas-
que de réalité virtuelle (26) porté par un uti-
lisateur à distance ; et
la transmission (43), au dispositif électroni-
que portable de l’utilisateur local, de la po-
sition de l’utilisateur à distance, et des en-
trées de celui-ci, utilisées pour rendre une
représentation virtuelle de l’utilisateur à dis-
tance en réalité augmentée sur le dispositif
électronique portable (28, 29) ;
dans lequel la position de l’utilisateur à dis-
tance est déterminée par des capteurs au
niveau d’un emplacement de l’utilisateur à
distance.

7. Procédé selon la revendication 1, ou système robo-
tique chirurgical selon la revendication 6, dans lequel
les données de nuage de points tridimensionnel
comportent un corps d’un patient.

8. Procédé selon la revendication 1, ou système robo-

tique chirurgical selon la revendication 6, dans lequel
l’entrée de l’utilisateur à distance comporte des don-
nées audio capturées au niveau du casque de réalité
virtuelle.

9. Procédé selon la revendication 1, ou système robo-
tique chirurgical selon la revendication 6, dans lequel
l’entrée de l’utilisateur à distance comporte au moins
l’un parmi : des annotations virtuelles générées par
un outil numérique à distance, des données de seg-
mentation anatomique, un placement de trocart et
une installation chirurgicale précédente, à rendre
dans la réalité augmentée au niveau du dispositif
électronique portable.

10. Système robotique chirurgical selon la revendication
6, dans lequel le dispositif électronique portable de
l’utilisateur local est une tablette électronique et la
réalité augmentée est rendue sur un flux d’images
capturées par la tablette électronique et affichée sur
un écran de la tablette électronique.

11. Système robotique chirurgical selon la revendication
6, dans lequel le dispositif électronique portable de
l’utilisateur local est un afficheur porté sur la tête avec
une zone d’affichage transparente sur laquelle la
réalité augmentée est rendue.

12. Procédé selon la revendication 1, ou système robo-
tique chirurgical selon la revendication 6, dans lequel
les informations de robot comportent au moins l’un
parmi : des angles d’articulation d’un ou de plusieurs
bras robotiques chirurgicaux, des types d’outils, un
état de saisie d’outil, une énergie d’outil active, une
position et une orientation d’une table chirurgicale
et un code d’erreur du système robotique chirurgical.

13. Procédé selon la revendication 1, ou système robo-
tique chirurgical selon la revendication 6, dans lequel
la localisation et la cartographie simultanées (SLAM)
sont effectuées sur les données générées par l’au
moins une caméra de profondeur intégrée au dispo-
sitif électronique portable, afin de localiser la position
et l’orientation du dispositif électronique portable
dans le système de coordonnées commun.

14. Procédé selon la revendication 1, ou système robo-
tique chirurgical selon la revendication 6, dans lequel
la position et l’orientation du dispositif électronique
portable sont communiquées au casque de réalité
virtuelle, utilisé pour rendre une représentation vir-
tuelle du dispositif électronique portable ou une re-
présentation virtuelle de l’utilisateur local dans l’en-
vironnement de réalité virtuelle de l’utilisateur à dis-
tance.
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